CONCLUSIONS: The modest improvements in key diabetes management outcomes observed following behaviorally-based telephone counseling for adults with type 2 diabetes need to be considered in terms of their potential for broad population reach.
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The high prevalence of overweight and obesity is driving a type 2 diabetes epidemic worldwide (1) . Diabetes prevalence in adults has increased over the last decade from 8.2% to 11.3% in the USA (2) and from 8.5% to 12% in Australia (3), with type 2 diabetes accounting for over 90% of cases (2) . Lifestyle interventions -both intensive programs (4; 5) as well as scalable community-based versions (6; 7) -have had considerable success in reducing diabetes incidence and risk factors in populations at high risk.
For those already diagnosed with diabetes, the challenges of applying lifestyle intervention programs have received considerable recent attention. The Look AHEAD study, a seminal trial that evaluated a multi-year, highly-resourced, intensive lifestyle intervention compared to standard diabetes education, demonstrated significant improvements in weight loss, related behavioral changes, HbA1c and other cardio-metabolic markers (8) . Despite this, the Look AHEAD intervention was not successful at inducing changes in the primary endpoint of cardiovascular events (9) . Nevertheless, from a clinical perspective, the improvements achieved for diabetes management should not be underrated, as they are associated with reduced risk of diabetes-related vascular complications, associated organ damage, loss of function, and reduced quality of life (10) . As such, promotion of lifestyle changes, particularly regular participation in physical activity (11) and moderate weight loss, remain crucial aspects of diabetes management (10) .
The issue of how to translate intensive lifestyle interventions into protocols more feasible for widespread delivery via primary health care and community settings, with longterm sustainable impacts, requires attention. Telephone-delivered interventions are increasingly being investigated as they have the potential for broad population reach, and for delivering the repeated contacts necessary to promote maintenance of behavior change and related clinical improvements (12) (13) (14) (15) .
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Living Well with Diabetes (LWWD) was a pragmatic trial of a telephone-delivered behavioral weight loss intervention targeting Australian primary care patients with type 2 diabetes. It was designed to test a more scalable and sustainable version of an intensive intervention protocol. The initial (six-month) outcomes of LWWD showed small intervention effects for weight loss and physical activity, but not HbA1C (16) . The purpose of this paper is to report on outcomes achieved at the end of the extended 18-month intervention, as well as at the final 24-month maintenance follow-up. Primary outcomes were weight loss, moderateto vigorous-intensity physical activity (MVPA), and HbA1c. Secondary outcomes were dietary energy intake and diet quality, waist circumference, fasting blood lipids and blood pressure.
RESEARCH DESIGN AND METHODS
LWWD was a two-arm randomized controlled trial, the protocol for which has been published (17) . Participants were recruited from nine general (primary care) practices in the city of Logan (population 270,000), a large ethnically and socioeconomically diverse community in the state of Queensland (Australia), 35 kilometres from Brisbane (the state capital). Ethical approval was granted from The University of Queensland Behavioral and Social Sciences Ethical Review Committee.
Patient recruitment and randomization
Within practices, 1407 eligible patients (i.e., diagnosed type 2 diabetes; aged 20-75 years; with a listed telephone number) were identified using electronic medical records (Figure 1 ).
Patients not initially excluded by General Practitioner (GP) screening for contraindications to unsupervised physical activity (n=908) were posted study materials by the GP and if not declining further contact (n=206), were followed up by study staff for eligibility and consent. were considered separately as these medications may cause less weight gain than traditional diabetes medications (20) .
Usual Care
Usual Care participants were mailed a brief summary of their assessment results following each assessment, as well as standard, diabetes self-management education brochures.
Telephone-delivered weight loss intervention
The intervention, delivered entirely over the telephone, used a combined approach of increasing physical activity, reducing energy intake, and behavioral therapy. Participants received a detailed workbook and up to 27 telephone calls over the 18 months (four initial weekly calls; fortnightly calls for five months; monthly calls for 12 months) to support 8 initiation and maintenance of weight loss. The intervention followed a motivational interviewing approach (21) grounded in Social Cognitive Theory constructs of self-efficacy, social support and outcome expectancies (22) , and emphasized behavior change strategies.
These included: identifying benefits of weight loss; setting goals for gradual changes to physical activity and dietary intake; self-monitoring progress; problem-solving; utilizing available supports; and, focusing on achievements with appropriate rewards (23) .
Intervention targets for weight loss, physical activity and dietary intake were consistent with management goals for type 2 diabetes (10), with the aim to reduce HbA1c to less than 7%.
Participants were encouraged to achieve moderate weight loss of 5-10% of initial body weight, with a loss of 1-2 kg per month (10) . A target of at least 210 minutes per week (30 minutes every day) of moderate-intensity, planned aerobic activity was recommended, consistent with the level of physical activity necessary to promote and maintain weight loss (24), along with resistance exercise (2-3 sessions/week) (25) . Individualised advice (26) was used to encourage participants to reduce daily energy intake by 2000 kJ (approximately 500 kcal) by following healthy eating principles, including following a low-fat diet (i.e., total fat < 30% of energy and saturated fat < 7% of energy) with sufficient dietary fiber (25 grams/day for women and 30 grams/day for men). Participants were provided with a pedometer and a set of digital scales. Fidelity of intervention delivery was monitored via feedback to counselors following randomly recorded telephone calls and fortnightly clinical supervision meetings. Call attempts, completions and duration were tracked in the trial database.
Primary and secondary outcomes, data collection and measures
Primary outcomes were weight, accelerometer-derived moderate-to vigorous-intensity physical activity (MVPA) and HbA1C. Secondary outcomes were dietary energy intake and diet quality, waist circumference, fasting blood lipids and blood pressure. Data were collected 9 at baseline, six-, 18-(end of intervention), and 24-months (maintenance) via nurse home visits and telephone interviews by research staff blind to participants' group allocation.
Weight was measured in duplicate, without shoes or heavy clothing, using standard calibrated scales (Model TI TBF 350, Tanita Inc., Tokyo, Japan) to the nearest 0.1 kg. Height was measured in duplicate at baseline only using a portable stadiometer (Seca 214 height rod, Seca, Germany) to the nearest 0.1cm. Waist circumference was measured to the nearest 0. Chemistry Analyser (Tokyo, Japan). Low density lipoprotein (LDL) cholesterol was determined using the Friedewald equation (27) .
Nurses provided participants with a GT1M accelerometer (Actigraph, LLC, Fort Walton Beach, Florida) to collect physical activity data. The hip-worn monitor was set to record in 60-second epochs. Participants were asked to wear the monitor for seven days during waking hours (except during water-based activities) and to record wear/removal times.
Wear time was ascertained by research staff, who estimated wearing periods from times movement stopped or began coinciding with participant self-reported wear/removal periods. Telephone interviews included a previously validated food frequency questionnaire assessing intake over the previous month (28) . Coupled with the NUTTAB95 nutrient composition database (29) , it was used to derive average daily energy and nutrient intake.
Overall dietary quality was summarised in terms of the Diet Quality Index-Revised score (30) , which ranges from 0 (worst) to 100 (best) in terms of 10 dietary characteristics -total fat, saturated fat, dietary cholesterol, fruit, vegetables, grains, calcium, iron, dietary diversity and dietary moderation -relative to current Australian dietary recommendations (31) .
Demographic data and adverse events were also collected during the telephone interview.
Statistical analysis
Analyses were performed in SPSS version 21 (IBM Corporation, NY) and STATA version 12 (StataCorp, TX). Statistical significance was set at p<0.05 (two-tailed). The sample size was chosen a priori to provide at least 90% power (with two-tailed significance of 5%) to detect minimum differences of interest (MDI) in primary outcomes of 5% weight loss (4.7 kg), 0.6 HbA1c% and 60 minutes/week MVPA (17) . It was expected to provide adequate (≥80%) power to detect MDIs for diet (2 MJ energy intake and ½ a standard deviation diet quality [5.5] ), waist circumference (5cm), HDL cholesterol and total/HDL cholesterol ratio (5%), and triglycerides (10%), but low power to detect MDIs for blood pressure (70% for 5 mmHg systolic and 56% for 3mmHg diastolic), total cholesterol (57% for a 5% difference) and LDL cholesterol (12.1% for a 5% difference).
Intervention effects were examined via linear mixed models which corrected for baseline values and potential confounders, identified as those variables with a significant association with the outcome p<0.2 (listed in Supplemental Table S1 ). Changes within groups were also examined using mixed models. For outcomes that were log-transformed to improve normality (HbA1c, MVPA, cholesterol and triglycerides), model results were exponentiated and expressed as relative rates. Models did not display problems with heteroscedascicity, non-linearity or non-normality.
To evaluate sensitivity of conclusions to missing data, multiple imputation and completers analyses were both performed. Multiple imputation was by chained equations in STATA 12, using all analytic variables, variables associated with dropout, and when required, auxiliary variables to aid prediction of missing covariates. Results presented are based on multiple imputation, unless indicated otherwise. The analyses were repeated with a lower (≥ 574 cpm) and higher (≥ 2743cpm) cutpoint for MVPA (32) , to evaluate the sensitivity of conclusions to choice of cutpoint.
RESULTS
The sample characteristics ( 
Intervention effects at end of intervention
Intervention effects on primary and secondary outcomes are shown in Table 2 (Table 3) .
Target/recommendation adherence
At end-of-intervention, only a small percentage of Telephone Counseling and Usual Care groups respectively achieved program targets of ≥ 5% weight loss (21.0%, 13.2%), ≥210
mins/week MVPA (34.8%, 27.8%), ≥ 2MJ energy reduction (22.8%, 18.8%) (Supplemental Figure SF1 ). However both Telephone and Usual Care groups, respectively, quite commonly met recommendations for HbA1c ≤ 7% (10) both at baseline (45.7%, 53.0%) and end-ofintervention (43.9%, 42.4%) (Supplemental Figure SF1 ). Weight gain (≥ 1%) was common at 6-, 18-, and 24-months, more so within the Usual Care group (38.6%, 43.1%, 36.6%) than the Telephone group (29.5%, 31.5%, 18.7%) (Supplemental Figure SF1) .
Sensitivity analyses
Completers analysis and the multiple imputation yielded almost identical results ( Table 2 ).
Conclusions were robust to the choice of MVPA cutpoint; significant intervention effects favoring the Telephone Counseling group were still observed even with a very low (≥ 574) and a very high cutpoint for MVPA (≥ 2743) (32) (data not shown).
CONCLUSIONS
The LWWD trial evaluated a broad reach, telephone-delivered intervention targeting sustained improvements in weight loss and physical activity in adults with type 2 diabetes recruited from primary care settings. At the end of the 18-month intervention, statistically significant, but clinically modest benefits were observed for weight loss, MVPA and diet quality. Changes were maintained at the 24-month follow-up, though were only statistically significant for MVPA. There were no statistically significant improvements in any of the cardio-metabolic biomarkers, including HbA1c (one of the primary outcomes).
The LWWD trial sought to recruit a representative sample of Australian primary care patients with type 2 diabetes and deliver an intervention that made participation as easy as possible (i.e., without the need for clinic visits). While the sample was largely representative, effect that is estimated as moderate but could plausibly be anywhere between no effect to a large beneficial effect. The review also showed that the interventions were not consistent in their impact on HbA1c (i.e., significant heterogeneity). Even three randomized controlled trials that were similar in recruitment and intervention protocols to LWWD, results were still mixed: no effect on glycemic control (also no meaningful weight loss) (35); significant improvement in glycemic control (despite no meaningful weight loss) (36); and, significant improvement in glycemic control (weight loss not reported) (37) .
Strengths of the LWWD trial include recruitment of a largely representative sample of Australian primary care patients with type 2 diabetes, objective assessment of primary clinical, anthropometric and behavioral outcomes (i.e., MVPA via accelerometer), inclusion of a maintenance assessment, and systematic tracking of implementation. Limitations include the collection of fairly crude data on diabetes medication usage and thus the inability to comprehensively control for medication usage and medication changes on primary outcomes, particularly HbA1c.
In summary, reviews and individual studies of telephone-delivered diabetes management and lifestyle interventions, including LWWD, show fairly modest and in some cases null effects for glycemic control, weight loss and physical activity. As would be expected, these outcomes are considerably more modest than those observed in the intensive, While not specifically targeting diabetes prevention or management, those at risk for or living with diabetes are eligible, following clinician referral.
These longer-term intervention and maintenance outcomes from the LWWD trial suggest that telephone counseling for adults with type 2 diabetes is effective in producing significant but modest weight loss and in maintaining physical activity improvements, but not in improving glycemic control. Telephone-delivered lifestyle coaching may be a vehicle through which to achieve wide population reach for those with and those living with, and at risk for, type 2 diabetes. Future research is needed to evaluate this, along with alternative, broad-reach intervention delivery modalities, such as mobile phone text messaging and smart
